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SUMMARY 
A 1/3 .5  f u l l - s i z e  model of t h e  Mark V f l o a t  of  t h e  
Bureau of A e r o n a u t i c s ,  Navy Department ,  was t e s t e d  i n  t h e  
N . A .  C.A. t a n k  b o t h  w i t h  smooth p a i n t e d  bottom s u r f a c e s  a n d  
w i t h  roundhead r i v e t s ,  p l a t e  l a p s ,  and  k e e l  p l a t e s  f i t t e d  
t o  s i m u l a t e  t h e  a c t u a l  bot tom o f  a m e t a l  f l o a t .  The aug- 
menta t ion  i n  wa te r  r e s i s t a n c e  due t o  t h e  added roughness  
was found t o  be  from 1 0  t o  1 2  p e r c e n t  a t  t h e  hump speed 
and  from 1 2  t o  1 4  p e r c e n t  a t  h i g h  speeds .  Tho e f f e c t  of 
t h o  roughness  of tho a f t e r b o d y  w a s  found t o  b e  n e g l i g i b l e  
except  a t  h i g h  trims. 
The model d a t a  were e x t r a p o l a t e d  t o  f u l l  s i z e  by t h e  
u s u a l  me'thod which assumes t h e  f o r c e s  t o  v a r y  a c c o r d i n g  t o  
F r o u d e ' s  l a w ,  and i n  t h e  c a s e  of t h e  smooth model by a 
method of s e p a r a t f o n  t h a t  t a k e s  i n t o  accoun t  t h e  e f f e c t  of 
s c a l e  on t h e  f r i c t i o n a l  r e s i s t a n c e .  I t  w a s  concluded t h a t  
t h e  e f f e c t  of r i v e t  heads  on t h e  t ake -o f f  per formance  of a 
r e l a t i v e l y  high-powered f l o a t  s o a p l a n e  i s  of l i t t l e  conse- 
quence b u t  t h a t  i t  may be  of  g r e a t e r  impor tance  i n  tho  c a s e  
of more modera to ly  powered f l y i n g  b o a t s .  
IWTRODUCTION 
The r e s i s t a n c e  of a meta l  s e a p l a n e  f l o a t  o r  hul l  on 
t h e  wa te r  and i n  t h e  a i r  i s  undoub ted ly  i n c r e a s e d  by r i v e t  
heads  and o t h e r  s m a l l  e x c r e s c e n c e s  on i t s  s u r f a c e .  I n  
o r d e r  t o  j u s t i f y  t h e  i n c r e a s e d  c o s t  of  f l u s h  r i v e t i n g ,  i t  
i s  d e s i r a b l e  t o  know t h e  improvement i n  performance  t o  b e  
expec ted  f rom t h o  e l i m i n a t i o n  of t h o  p r o j e c t i n g  heads .  
T e s t s  of s m a l l  models i n  t h e  wind t u n n e l  and towing tank 
t o  de te rmino  t h e  e x t e n t  of t h i s  improvsmcnt have ,  i n  gon- 
e r a l ,  boen c o n s i d e r e d  u n s a t i s f a c t o r y  because of t h e  d i f f i -  
c u l t y  i n  r e p r o d u c i n g  t h e  r i v e t e d  s u r f a c e s  t o  s o a l c  and 
t h o  u n c c r J a i n t i e s  duo t o  s c a l e  e f f e c t s  i n  e v a l u a t i n g  t h e  
r o s u l t s .  
The i n c r e a s e  i n  t h e  f r i c t i o n  c o e f f i c i e n t  of  t h e  su r -  
f a c e  of a h u l l  i n  con tac t  w i th  t h e  water  m p  bs fouad By 
t e s t i n g  sqooth  and r i v e t e d  p l a t e s  i n  t h e  dowing Daak, Xf 
f u l l - s i z e  r i v e t  beads a r e  used and t h e  p l a t e s  e r e  towed 
a t  tho  a c t u a l  speeds a t t a i n e d  i n  p racBice ,  t h s  e r r o r s  due 
t o  s c a l e  e f f e c t  a r e  e l imina t ed .  The r e s u l t s ,  howover, 
a r e  only g e n e r a l l y  i n d i c a t i v e  of t h e  improvement t o  ba 
gained by f l u s h  r i v e t i n g  because only  a p a r t  of the ro- 
s i s t a n c e  du r ing  take-off i s  f r i c t i o n a l  and t h e  r i v e t  gat- 
t o r n  and f low cond i t i ons  vary over tho f l o a t  o r  h u l l .  A 
moro q u a n t i t a t i v e  i n v e s t i g s t i o n  must t h e r e f o r @  by made by 
t e s t s  of a c t u a l  hul l  forms that a r e  laFge enough t o  m%ni- 
m i ~ e  d i f f i c u l t i e s  due to  s c a l o ,  
. . 
The speed of t he  towing c a r r i a g e  of t h e  N . A , C , A ,  t ank  
permi t s ,  t e s t s  over the  e n t i r e  speed range  of a f l o a t  moi6e-1 
so  l a r g e  t h a t  a f a i r l y  a c c u r a t e  reproduc t ion  of t h e  r i v e t -  
ed surfaces* becomes p r a c t i c a l ,  A t  tho reques t  of tbe Bu- 
r e a u  of Aeronau t i c s ,  Navy Depar.tnaent, t h e  rfveC p a t f $ r n ,  
p l a t e  l a p s ,  and k @ o l  p l a t e  found on tho  i foaO of bho O%XF 
saap lanc  were s imulated t o  s c a l o  on a 1/3& S%lX-si%s ntoael 
and to s tod  t o  dotermino t h e  augmentation En made& s e a i e t -  
ance.  %%is paper  p r e s e n t s  t h e  r e s u l k s  o f  t b a t ~ a  %e&ts,  to-  
ge the r  w i t h  an  a n a l y s i s  of t h e  e f f e c t  of  t h e  sur$%ce &@ugh- 
nes s  on t h e  take-off  performance of t h e  f u l z - s l z e  qa&pXane. 
DESCRIPTION OF MOBBL 
The b a s i c  model used w a s  t h a t  descr ibed  i n  r e f e renca  
1, This model was b u i l t  up of l amina ted  mahogany and 
smoothly f i n i s h e d  w i t h  gray  enamel. I n  order  t o  simu1aCe 
t h e  r i v e t e d  p l a t e d  s u r f a c e ,  a r i v e t  and p l a t i n g  p l a n  s i m i -  
l a r  t o  t h a t  of tho  f u l l - s i z e  f l o a t  w a s  l a i d  out  on t h e  
model bottom, Roundhead b r a s s  escutcheon p i n s  having a 
hoad d iameter  of approximately  0.075 i n c h  and a hei&ka% of 
0.025 inch  were used as  r i v e t s .  Thesa oorrsspond t o  1/81 
i nch  roundhead r i v e t s  on tho f u l b - s i z e  f l o s t .  
On t h e  forebody were f i t t e d  two p l a t e  l a p s  made of 
0.012-inch b r a s s ,  t ape red  forward and f a i r e d  i n t o  t h e  hu21 
w i t h  p a t t e r n  makersr wax, a k e e l  made up of two 0.80-inch 
wide h u l l  p l a t e s  and a c e n t e r  bar of (l.08-inch by 0,034- 
i nch  b r a s s ,  Both k e e l  p l a t e  and ch ine  r i v e t s  wore sp&$@d 
a t  0.16-inch p i t c h ,  rsinglo rows on t h e  forward gor%%$a of 
t ho  forobody and double rows on t h e  a f t e r  p o r t i o n .  Batwaen 
t h e  kee l  and t h ~  chines  t h e s e  were fou r  yows of s t r i n g e r  : 
r i v e t s  each s i d e ,  --pitched 0.39 i n c h ,  ,-l)ransverseX.y t h e r e  , 
'were seven rows of s t i f f e n e r  r i v e t s ,  s i n g l e  rows a t  0.18- 
i nch  p i t c h ,  and the  two p l a t e  l a p s ,  double rows a t  0.18- 
i nch  p i t c h .  
The a f t e rbody  was f i t t e d  wi th  a s i n g l e  k e e l  p l a t e  of 
0.012-inch b r a s s ,  t o t a l  width 0.60 inch .  The r i v e t s  in i t  
and a t  the  ch ines  were a t  0.16-inch p i t c h ,  p a r t i t t l l y  s i n g l e  
row, Between k e e l  and chinos t h e r e  were four  s i n g l o  rows 
of s t r i n g e r  r i v o t s  each s i d e ,  p i t c h e d  a t  0.42 inch ,  There 
a r e  a l s o  s i x  rows of s t i f f e n e r  r i v e t s  a t  0.19-inch p i t c h .  
A l toge the r  i n  bo th  forebody and a f t e rbody  therewere  about 
7 ,500 r i v e t s .  P i c t u r e s  of t h e  r i v e t i n g  a r e  given i n  f i g u r e  
4. 
TES T APPARATUS AND PRO CEDURE 
The N , A  ,C .A.  t ank  and i t s  equipment a r e  desc r ibed  i n  
r e f e r e n c e  3, In the  p r e s e n t  t e s t s ,  t h e  towing gear  de- 
s c r ibed  i n  r e f e r e n c e  2 was used. The d a t a  were ob ta ined  
over a wido range of l oad ings  by tho  "gsneralw method i n  
which simultaneous va lues  of r e s i s t a n c e ,  trimming moment, 
an& d r a f t  a r e  recorded f o r  va r ious  combinations of t h e  in -  
dependent v a r i a b l e s ,  speed,  l o a d ,  and t r i m .  
The genera l  d a t a  f o r  t h e  smooth model had a l roady  boen 
ob ta ined  i n  a prev ious  t o s t  (soo r e f e r e n c e  1 ) .  The rough 
model w a s  t e s t e d  f i r s t  w i t h  the  r i v e t s ,  l a p s ,  and k e e l  
p l a t e  on t h e  forebody a l o n e ,  and then on both forebody and 
a f t e rbody  i n  order  t o  o b t a i n  tho  e f f a c t  of roughness of t h e  
a f t  erbody . 
During a l a t e r  t e s t  of t h e  rough model t o  determine 
the  e f f e c t  of a d d i t i o n a l  small excrescences ,  t h e  wet ted 
l e n g t h s  of t h e  forebody and a f t e r b o d y  a t  t h e  k e e l  and chine 
were read  by means of t h e  numbered s t r i p e s  shown i n  f i g u r e  
1. I t  was assumed t h a t  t he se  wet ted l e n g t h s  wero the  same 
wi th in  t h e  l i m i t s  of e r r o r s  i n  obse rva t ion  f o r  t h e  smooth 
model and t h e  rough model wi thout  t hose  a d d i t i o n a l  excres-  
' cences.  
RESULTS AND DISCUSS I O N  
Modol Data 
The r e s i s t a n c e  and trimming moment ob ta ined  from t h e  
t e s t s  wi th  r i v e t s  on t h e  forebody a l o n e ,  on t h e  forebody 
and a f t e r b o d y ,  and t h e  same da t a  f o r  t he  smooth model, re-  
produced from r e f e r e n c e  I., a r e  p l o t t e d  i n  f i g u r e ~  2 t o  7 .  
Fhe r e s i s t a n c e  inc ludes  t he  small  arlr d rag  of t h e  model 
which i s  assumed to  be una f f ec t ed  by t h e  changes i n  bottom 
roughness. The moments a r e  r e f e r r e d  to a p o i n t  5.32 inches  
forward of t h e  s t e p  and 14.14 inches  above t h e  deck on t h b  
model, corresponding t o  t he  des ign  cen te r  of g r a v i t y  of t h e  
02U seap lane .  Moments t h a t  tend t o  r a i s e  the  bow of tho  
f l ' oa t  a r e  considered p o s t  t i v c ,  
# 
The percen tage  augmentation i n  r e s i s t a n c e  a t  a given 
t r i m  caused by t h e  p re sence  of tho r i v o t  hoads, e t c . ,  i s  ' 
f r o m  10.5 t o  12  percen t  a t  t b e  hump speed and from 1 2  t o  
1 4  pe rcen t  a t  45 f e e t  p e r  second. This augmentation re- 
s u l t s ,  of course ,  i n  a dec rease  i n  maximum p o s i t i v e  t r i m -  
ming moment and a g e n e r a l  s h i f t  of t h e  moment curves  i n  a 
nega t ive  d i r e c t i o n ,  
For 7O t r i m  and below, t he  augmentation i n  r e s i s t a n c e  
caused by r i v o t s  on t h e  a f  terbody i s  n e g l i g i b l e  and a ' 
s i n g l e  mean curve f o r  each load  i s  s u f f i c i e n t  f o r  both. t h e  
condi t ion  w i t h  r i v e t s  and the  cond i t i on  without r i v e t s ,  
A t  h igher  t r i m s ,  t h i s  augmentation becomes a p p r e c i a b l e  a t  
t h e  hump speed and q u i t e  l a r g e  a t  h igh  speeds. Apparent ly  
r i v e t s  on t h e  a f t s r b o d y  would have l i t t l e  o r  no e f f e c t  on 
water r e s i s t a n c e  du r ing  most of t h e  taka-off bu t  might 
have some e f f e c t  i f  h igh  t r i m s  a r o  used noar t h e  get-away 
speed,  as i n  a "pull-up.  
The observed wetted l e n g t h s  a t  k e e l  and ch ine  ar.e 
p l o t t e d  a g a i n s t  speed i n  f i g u r e s  8 t o  13,  These wet ted 
l e n g t h s  a r e  t he  d i s t a 3 c a s  from t h e  i n t e r s s c t i o n ' o f  t he  
forebody k e e l  an3  chi-2s w i th  the  water  t o  the  main s t e p  
and t h a t  of the  a f te rbody  kee l  and ch ine  t o  tho second s t e p ,  
Where the  wet ted  a r e a  of t h e  forebody i s  t r i a a g u l a r  i+n 
shape and l i e s  wholly i n s i d e  tho  ch ina ,  t h e  wetted long ths  
of t h o  forebody chine a r e  considered nega t ivo  and r e p r e s e n t  
t h o  i n t e r s e c t i o n  of t h e  water  ~ 5 t h  t h e  chino extended a f t  
of the  main s t e p ,  
The wet ted l e n g t h s  of t h e  a f t e r b o d y  become zei.0 'a t  
speeds s l i g h t l y  above t h e  hump speed,  where t he  a f  terbody 
i s  c l e a r  of the  wate r ,  A t  90 t r i m ;  however, t h e  a f te rbody  
i s  aga in  wet ted  a t  h i g h e r  speeds by spray from the  main 
s t e p  but t h e  wetted l e n g t h s  a r o  i nde t e rmina t e  and a r e  no t  
p l o t t e d .  This w e t t i n g ,  n e v e r t h e l e s s ,  con t r ibu t ed  add i t i on -  
a l  f r i c t i o n a l  r e s i s t a n c e  as shown by t h o  e f f e c t  of r i v e t s  
on t h e  a f  terbody a t  h i g h  speeds  i n  f i gu ro  6. 
Fu l l -S i ze  Performance 
I n  o rde r  to  f i n d  t h e  e f f e c t  of t he  r i v e t e d  s u r f a c e s  
on t h e  take-off  performance of a f u l l - s i z e  f l o a t ,  t h e  
r e s u l t s  of t he  modol t e s t s  were used i n  take-off ca lcu la -  
t i o n s  f o r  a t y p i c a l  s i n g l e - f l o a t  seap lane  having tho  f o l -  
lowing c h a r a c t e r i s t i c s :  
Gross l oad ,  l b ,  4,000 
Ving a r e a ,  sq. f t ,  346 
Span, upper and lower 
acing, f t .  36 
Angle of wing s e t t i n g ,  
dcg,  2 
Horsepower 450 a t  2,100 r,p,m. 
2 b l a d e ,  9 f t ,  4  i n ,  d iameter .  
180 b l ade  s e t t i n g  a t  0.75 R 
L i f t  and d rag  curves from t e s t s  i n  t h e  f u l l - s c a l e  tunne l  
of a n  a i r p l a n e  having s i m i l a r  c h a r a c t e r i s t i c s  were used t o  
determine t h e  load  on t h e  water  and t h e  a i r  d r ag  a t  va r ious  
speeds throughout the  take-off  run.  The drag curve f o r  t h e  
seap lane  excluding t h e  f l o a t  but  i nc lud ing  the  f l o a t  s t r u t s  
and t h e  t i p  f l o a t s  was assumed t o  be  t he  same as that f o r  
t h e  a i r p l a n e  w i t h  wheels and l and ing  gear  a s  t e s t e d  i n  t h e  
mind tunne l ,   he a i r  drag  of t h e  f l o a t  i s  i nc luded  i n  t h e  
water  r e s i s t a n c e . )  The curves  wcro modified f o r  ground e f -  
f e c t  by the  method i n  reference 4, The t h r u s t  f o r  f u l l  
power and th roe- four ths  power a t  s e v e r a l  speeds was ca lcu-  
l a t e d  from t h e  d a t a  of re foronce  5 ,  
I 
The f u l l - s i z e  r e s i s t a n c e  of t h e  smooth and r ive teed  
f l o a t s  w a s  f i r s t  c a l c u l a t e d  f r o m  the  rnadel d a t a  by the  
u s u a l  assumption t h a t  t h e  model and f u l l - s i z e  f o r c e s  Ere  
r e l a t e d  acco rd ing  t o  F roude f s  law, i . e . ,  a t  corresponding 
speeds ,  t h e  r e s i s t a n c e  v a r i e s  a s  t he  cube of t h e  l i n e a r  d i -  
mensions, The d e t a i l e d  procedure when gene ra l  t e s t  da t a  
a r e  a v a i l a b l e  i s  givan i n  r e f e r e n c e  6 .  In  t h i s  c a s e ,  tho  
f l o a t s  were assumed t o  be f r ee - to - t r im  a t  low speeds ,  a t  
b e s t  t r i m  from 55 t o  86 f e e t  p e r  second and p u l l e d  up t o  
take-off  from 86 t o  about  9 7  f e e t  pe r  second, There was 
assumed t o  be  no wind.. 
Tho above p rocedure  does  n o t  p r o p e r l y  t a k e  i n t o  a c -  
count  t h e  v a r i a t i o n  i n  f r i c t i o n  c o e f f i c i e n t  w i t h  Reynolds 
Number i n  g o i n g  from model t o  f u l l  s i z e  and t h e r e f o r e  
might be m i s l e a d i n g  i n  e s t i m a t i n g  t h e  e f f e c t  of s u r f a c e  . .  
roughness .  I f  i t  be  assumed t h a t  t h e  a d d i t i o n  of  r i v e t s ,  
p l a t e  l a p s ,  e t c ,  , doea n o t  i n f l u e n c e  wave-making, i . o ,  , 
t h a t  t h e  p r e s s u r e  d i s t r i b u t i o n  o u t s i d e  of t h e  boundary 
l a y e r  remains  o s s o n t i a l l y  t h e  same, t h e  r e s u l t 5 n g  augmen- 
t a t i o n  i n  r e s i s t a n c e  i s  f r i c t i o n a l  i n  n a t u r e .  Benco, i t  
i s  d e s i r a b l e  t o  a t t e m p t  a s e p a r a t i o n  o f . f r i c t l o n a 1  and 
wave-making r e s i s t a n c e  f o r  a more a c c u r a t e  e x t r a p o l a t i o n  
of t h e  model r e s u l t s .  Although th i - s  i s  u s u a l l y  done f o r  
s u r f a c e  v e s s e l s ,  i t  i s  n o t  g e n e r a l l y  a t t e m p t e d  f o r  s e a ?  
p l a n e s  bocausg of t h o  d i f f i c u l t i e s  i n  e s t i m a t i n g  t h e  con- 
t i n u a l l y  changing w e t t e d  s u r f a c e  and speeds over  t h e  bot -  
t o m  d u r i n g  a n  a c t u a l  t a k e - o f f .  The p rocedure  fo l lowed  i n  
t h e  p r e s e n t  c a l c u l a t i o n s  i s  t h e r e f o r e  d e s c r i b e d  i n  d e t a i l .  
U t i l i z i n g  t h e  t r i m  and l o a d  schodulo  p r o v i o u s l y  do- 
te rmined f o r  t h e  smooth model i n  e x t r a p o l a t i n g  t o  f u l l  
s i z e  a c c o r d i n g  t o  F r o u d e t s  l a w ,  co r respond ing  v a l u e s  of 
w e t t e d  l e n g t h s  were i n t e r p o l a t e d  from t h e  w e t t e d  l e n g t h  
c u r v e s ,  f i g u r e s  8 t o  1 3 ,  and p l o t t e d  a g a i n s t  speed .  ( s e e  
f i g ,  14  ,) The p r o d u c t  of t h e  mean of -the c h i n e  and k e e l  
w e t t e d  l e n g t h s  a s  g i v e n  by t h e s e  c u r v e s  t imes  t h e  mean 
bot tom g i r t h  of t h e  p o r t i o n  of bot tom i n c l u d e d  by t h e s e  
l e n g t h s  t i m s s  a f o r e - a n d - a f t  c u r v a t u r e  c o r r e c t i o n  f a c k o r ,  
which v a r i e d  f rom 1.1015 t o  1.0000, was taken as  t h e  e f -  
f e c t i v e  bot tom w e t t e d  s u r f a c e .  This  j r e a  was a c c o r d i n g l y  
p l o t t e d  a g a i n s t  speed i n  f i g u r e  1 4 ,  To t h i s  a r e a  w a s  add- 
ed a curve  of t h e  approx imate  a r e a  of the .  w e t t e d  s i d e s  . 
e s t i m a t e d  f rom o ' b s e r v ~ t i o n .  This  w e t t i n g  o f ,  t h e  s i d e s  oc- 
c u r r e d  o n l y  a t  low s p o e d s ,  a n d t h e  a r e a  was s m a l l  as com- 
p a r e d  w i t h  t h e  w e t t e d  a r e a  of t h e  bot tom. 
The sum of t h e  mean fo rebody  and a f t e r b o d y  w e t t e d  
l e n g t h s  w a s  t a k e n  a s  t h e  e f f e c t i v e  w e t t e d  l e n g t h ,  excep t  
when t h e  w e t t e d  s u r f a c e  w a s  approx imate ly  t r i a n g u l a r  i n  
o u t l i n e ,  when t h e  SUE. o f  t h e  l e n g t h s  taken t h r o u g h  t h e  
c e n t e r  of g r a v i t y  of  t h o  a r e a  of t h o  wet ted  s u r f a c e  was 
u s o d .  Th i s  p r o c e d u r e  assumes that  d u r i n g  p l a n i n g .  t h e  bound- 
a r y - l a y o r  c o n d i t i o n  t h a t  a p p l i e s  j u s t  a t  t h o  s t e p  does  n o t  
change a p p r e c i a b l y  i n  t h e  d i s t a n c e  of t h e  jump f rom t b e  
s t e p  t o  t h e  a f t e r b o d y  s u r f a c e ,  Th i s  a s s u m p t i o n ,  whi le  un- 
q u e s t i o n a b l y  open t o  d o u b t ,  i s  p r o b a b l y  n o t  a l o n g  way t 
from t h e  t r u t h .  Fur the rmore ,  whatever  e r r o r  may b s ' i n -  
vo lved  i s  b e l i o v e d  t o  b e  of l i t t l e  consequence,  tho  a f t o r -  
body becoming comple te ly  d r y  a t  a b o u t  one-half t ake -o f f  
speed,  9 0 0 ,  i n  t h i s  r a n g e ,  f r i c t i o n  c o e f f i c i e n t  changes 
k f a i r l y  s lowly  w i t h  Reynolds Numbor. 
Then, t h e  mean e f f e c t i v e  spoods of  advance  i n  t h o  
p l a n i n g  r a n g e  wore computod a c c o r d i n g  t o  t h e  formula  
where Vo i s  speed of model ( o r  h u l l ) ,  f  .P.@* 
, l o a d  bd mode1 (or h u l l )  , i b .  
w ,  s p e c i f i c  weight  of w a t o r ,  l b .  p e r  cu. f t .  
A ,  bot tom w e t t e d  s u r f a c e  p r o j e c t e d  on b a s e  p l a n e ,  
. s q ,  f t .  
r, t r i m ,  deg. 
This  i s  s imply  a form of B o r n o u l l i l s  e q u a t i o n  and  s t a t e s  
t h a t  t h s r a  w s t  bo a r e d u c t i o n  i n  v e l o c i t y  hoad e q u i v a l e n t  
t o  t h e  s t a t i c  hoad n e c e s s a r y  t o  c a r r y  t h e  l o a d .  
Below t h e  hump, Va w a s  assumed t o  e q u a l  Yo, and  
between t h i s  r e g i o n  and the  f u l l  p l a n i n g  r e g i o n  a  smooth 
t r a n s i t i o n  curve  w a s  drawn, ( s e e  f i g .  14,) With t h e  mean 
e f f e c t i v e  speeds  of advance  and e f f e c s i v e  w e t t e d  l e n g t h s  
so e v a l u a t e d  and t h e  k i n e m a t i c  v i s c o s i t y  of t h e  t e s t  wa te r  
known, t h e  c o r r e s p o n d i n g  Roynolds Numbors were c a l c u l a t e d .  
From t h e s e  Reynolds Numbers, f r i c t i o n  c o o f f i c i e n t s  were ob- 
t a i n e d  u s i n g  t h o  curve  of f i g u r e  1 5 ,  This c u r v e  i s  essen-  
t i a l l y  S c b o e n h e r r l s  mean l i n e  as g i v e n  i n  r e f e r e n c e  7 down 
t o  a Reynolds Number of a b o u t  10" and  a mean of S c h o e n h e r r f s  
smooth p l a n e  r e s u l t s ,  a s  g i v e n  i n  t h e  same p a p e r ,  belgw 
t h a t  Reynolds Number. I t  i s  b e l i e v e d  t o  r e p r e s e n t  t h e  most 
dependable  informa t i o n  a v a i l a b l e  on f r i c t i o n  coef f i c i o n t s  
f o r  smooth s u r f a c e s ,  and  t o  a p p l y  r e a s o n a b l y  w e l l  t o  smooth 
s u r f a c e d  models and h u l l s ,  e s p e c i a l l y  i n  t h e  f u l l y  t u r b u l e n t  
regime above a Reynolds Number of a b o u t  106. 
Once t h e  f r i c t i o n  c o e f f i c i e n t s  a r e  o b t a i n e d  the compu- 
. ' *  t a t i o n  i s  q u i t e  s i m i l a r  t o  t h a t  u s u a l l y  performed i n  s h i p  
work. The frictional resistance ofthernodel is estimated 
and is subtracted from the total water resistance. Curves 
showing the frictional and total resistance gf tho model 
are given in figuro 16, The residuary resistance 3s then 
converted to full size according to Froude's law. Tho 
full-size wetted aurfacos are obtained by multiplying the 
figures for the model by the square of the scale, and full- . 
size Reynolds Numbers by multiplying the values for the 
model by the 3/2 power of the scale and dividing by the 
ratio of the kinematic. vi.s.cosities, Friction coefficients 
for the full size are then obtained from figure 15, Schoen- 
hcrrts curve, and the full-size frictional resistance is 
coxnputod for each speed, This resistanco, added to the re- 
sidv-ary r osi stance, mak,e,g up the total water resistance, 
The computations are performed in tabular form, an example 
of which is given. 
For Model 
Temperature of water, 73' F. 
Kinematic viscosity, 0.00001054 ft.'/soc. 
Item 
-
h = 12.24 
h3 = 42.8 
Source C 




sq. ft. ~ i g u r c  14./144 
Rfriction ' lb. 3.6 
Rtotal~ lb* From modal results 10.6 
R r e ~ i d ~ a r J  ' lb . 7 .O 
Corresponding Pa'Eues for Full Size 
Temperature of wator, 70' 3. (assumed) 
Kinematic viscosity, 0.00001087 ft .2/sec* 
Item C- Source ---. Value 
Wetted surface, wqs-model X 12.24 
sq*ft. 
Rfriction* lb. 112.6 
Rrcsiduary* Ib* Rresiduary (model) X 42.8 300 
Rtotalr lb. 413 
For the model with proJecting rivet heads no such 
direct method of separation was found to be possible. In 
this case, the surface may be considered neither as a 
smooth surface nor as s true rough surface. In a truo 
rough surface there is a continuous irregularity, With 
such a surface, if the irregularities are of sufficient 
magnitude to penetrate considerably tho laminar sub-bound- 
ary layer neat the surface, the surface resistance will 
be essentially due to mass effects and the friction coef- 
ficient for any given length-~oughness ratio wili be cs- 
sentially constant, i.e., Proudcis law will hold in on- 
tirety. ( s e e  roferencas 8 and 9.) However, tho riveted 
surface represents a compromise between this condition 
and t h a t  of a smooth s u r f a c e .  I t s  r e s i s t a n c e  i s  made up 
p a r t l y  of dynamic p r e s s u r e  on the  r i v e t  heads and the  re-  
mainder of shear  i n  t h e  boundary l a y e r  on the  s u r f a c e  be- 
tween t h e  r i v e t s .  Both of these  e f f e c t s  a r e  i n t e r r e l a t e d  
and u n f o r t u n a t e l y  n e i t h e r  theory  nor experimental da t a  
seems t o  be  f a r  enough advanced a t  t h i s  t ime t o  permit  of  
r e l a t i v e  sva lua t ion .  I n  t h e  hopo t h a t  pos s ib ly  a r e g u l a r  
v a r i a t i o n  of  f r i c t i o n  coefficient w i t h  Reynolds Number a t  
cons tan t  roughness r a t i o s  might be deduced from t h e  t e s t  
d a t a ,  f r i c t i o n a l  r e i i s t a n c e  f o r  t h e  model w i th  r i v e t  hoads 
w a s  computed f o r  different Reynolds Numbers a t  t h e  same 
wet ted l e n g t h s ,  tho i d o n t i c a l  l e n g t h s  baing obtainod a t  
d i f f  c ron t  l o a d s  and speeds. This computation w a s  performed 
by s u b t r a c t i n g  the  corresponding r e s i a u a r y  r e s i s t a n c e s  of 
t h e  smooth model from t h e  t o t a l s  f o r  t h e  model mith r i v o t  
heads ,  t h e  remainder be ing  assumed t o  be f r i c t i o n a l  r e s i s t -  
ants. Tho f r i c t i o n a l  r e s i s t a n c e s  obta inod seamed t o  show 
no r e g u l a r  v a r i a t i o n  whatsoever. There remained, t he re fo re ,  
no th ing  t o  do b u t  t o  e x t r a p o l a t e  t h e  r a s i s t a n c e  of the  
model wi th  r i v e t  haads e n t i r e l y  accord ing  t o  Froudols  l a w .  
However, i t  i s  t o  be emphasized t h a t  such an e x t r a p o l a t i o n  
i s  much more n e a r l y  t ho  t r u e  e x t r a p o l a t i o n  f o r  a r i v e t e d  
model than i t  i s  f o r  t h e  u s u a l  smooth model because,  as 
prev ious ly  s t a t e d ,  hydrodynamically t h e  r i v e t e d  model rep- 
r e s e n t s  a compromise between a smooth su r f ace  and a rough 
s u r f a c e ,  a n d ,  f o r  a rough s u r f a c e  of such magnitude, 
Froude 's  l a w  would hold  q u i t e  r i g i d l y .  
The r e s u l t s  of t h e  v a r i o u s  take+off  c a l c u l a t i o n s  a r e  
p l o t t e d  a g a i n s t  speod i n  f i g u r e  1'7, toge ther  w i t h  t he  com- 
puted t h r u s t  a t  f u l l  power and th ree - fou r th s  power. Gen- 
e r a l l y ,  t h e  r i v e t e d  s u r f a c e s  cause a smal l  i n c r e a s e  i n  
t o t a l  r e s i s t a n c e  a t  t h e  hump speed and a cons ide rab le  in -  
c r e a s e  a t  p l a n i ~ g  speeds.  The i n c r e a s e  i n  r e s i s t a n c e  a c t -  
i n g  below t h e  cen te r  of g r a v i t y  causos  a s l i g h t  4ecrease  
i n  t h o  f r ee - to - t r im  a n g l e  a t  low speeds ,  no a p p r e c i a b l e  
change i n  t h e  b e s t  t r i m  bu t  causes  a s h i f t  i n  t h e  trimming 
moment a t  b e s t  t r i m  i n  a nega t ive  o r  nose-heavy d i r e c t i o n .  
The d i f f e r e n c e  i n  t h e  t o t a l  r e s i s t a n c e  of the  smooth model 
ob ta ined  by t h e  two methods of c a l c u l a t i o n  i s  ve ry  s n a l l  
a t  t h e  hump speod but  i s  as much as 8 pe rcen t  a t  higEer 
speeds. The take-off  performances c a l c u l a t e d  from t h o  
t h r u s t s  a v a i l a b l e  f o r  a c c e l e r a t i o n  i n  t h i s  f i g u r e  a r e  as 
fol lows:  
F l o a t  Time, 
sec .  
Dis tance 
f t .  
Froude ' s  Sepa ra t ion  F roude l s  Separa t ion  
l a w  method law method 
Smo.oth, f u l l  power 14.5 14.0 752 724 
Rive ted ,  f u l l  p o s o ~  15.8 841 
Smooth, t h r ee - fou r th s  
power 19.4  18 .3  1 ,019  
Rive ted ,  t h r ee - fou r th s  
power 22.8 
Comparing the  f u l l  power v a l u e s ,  u s ing  t h e  performance 
of t h e  smooth h u l l  accord ing  t o  t h e  s e p a r a t i o n  method as a 
s t anda rd ,  t h e  r i v e t e d  h u l l  r e q u i r e s  1 3  percont  more take- 
o f f  time and 16 pe rcen t  longer  take-off  run,  Using t h e  per -  
formance of t he  smooth h u l l  accord ing  t o  l?roudets  l a w  as a 
s t anda rd ,  t h e  r i v e t e d  h u l l  r e q u i r e s  9 percen t  more tnke-off 
time and 1 2  porcen t  l onge r  take-off  run ,  I f  i t  v e r e  poss i -  
b l e  t o  e x t r a p o l a t e  the  r i v e t e d  model s a t i s f a c t o r i l y ,  t h e  
va lues  would probably l i e  between t h o s e  j u s t  g i v e n ,  say 11 
porcen t  more take-o f f  timo and 14 p e ~ c e n t  longer  tako-off 
run. Now, i t  i s  t o  bo remembered thax theso v a l u e s  a r e  
f o r  roundhoad r i v e t s ,  For t h e  b r a z i e r  type of head more 
commonly used ,  lower augmentations probably on t h e  order  of 
2/3 might be used. The re fo re ,  one could reasonably  con- 
cl,udo t h a t  w i t h  the  u3ua l  r i v e t e d  h u l l  of about  t h e  same 
s i z e  and w i t h  conpara3!-e p r o p e l l e r  t h r u s t ,  one might ex- 
pec t  about 7 t o  3 p e r c e n t  nore  take-off  t i n o  and 9 t o  1 0  
porcen t  l onge r  tdko-off run than f o r  s smooth h u l l .  But, 
i f  we assume take-off w i t h  t h e  sqme p r o p e l l e r  but  at  th ree-  
f o u r t h s  power, we f i n d  t h a t  t h e  r e l a t i v e  e f f e c t  of t h e  
roughness of the  h u l l  h a s  been app rec i ab ly  i nc reased .  Af 
t h i s  power, t h e  r i v e t  sd h c l J  r e q n i r e s  24 pe rcen t  more take- 
o f f  t ime and 29 percent more take-off  d i s t a n c e  than the 
smooth h u l l ,  comyted  acco rd ing  t o  t he  s e p a r a t i o n  method, 
and 1 7  p e r c e n t  more timo and 20 t o  21 parcen t  more d i s t a n c e  
than tha  smooth h u l l ,  a cco rd ing  t o  Froude ls  l a w .  About 
two-thirds of a mean bctwecn these  va lues  probably  repre-  
s e n t s  t he  c o r r e c t  i n c r e a s e  f o r  b s a z i o r  head r i v e t s .  Ac- 
co rd ing ly ,  t he  augrnen-cation i n  take-off  time would be 14  
pe rcen t  and t h e  augmentation i n  run  would be 1 6  pe rcen t .  
Thus, i t  seems t h a t  t h e  hydrodynamic advantage of t h e  
smooth h u l l  ma.y be a mat te r  of some importance a t  moderate 
r e s e r v o  t h r u s t s  such as a r e  t y p i c a l  of most f l y i n g  boa t s ,  
CONCLUSIONS 
1, The percentage augmentation in the water resistanco 
of the model caused by the projecting rivet heads, laps, 
and keel bar is fairly constant over a wide range of loads, 
It varies from 10 to 12 percent at the hump speed and from 
12 to 14 percent at 45 feet per second, 
2 ,  The augmentation in resistance caused by rivet 
heads on the afterbody is negligible except' at high speeds 
and high trims. 
3. Tbe increase, caused by the excrosccnces with round- 
head rivets, in.the total resistance of tho single-float 
seaplane investigated is estimated to be less than 5 per- 
cent at the hump speod but as much gs 25 porcent at planing 
speeds. The resulting effect on take-off porformanco is 
small with the low wing and powcr loadings found in this 
class of seaplane, 
4, With the sizu of model used, (1/3.5 full size) the 
total resistanco of  the smooth float calculated by Froude's 
law was found to be 2 percent higher at the hump speod and 
8 porcent higher at planing speods than tbat calculated by 
taking into account the effect of scalo on the frictional 
resistance. 
5, The prevailing practice of converting the total 
water resistance by Froude's law gives a margin of safoty 
in practice and may bu considerod as satisfactory except 
where the ratio of fu':?. size to model is considerable, 
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